oral involvement. Results-Data from 22 centres and 11 countries was collected on a total of 447 patients with SS (246 with primary SS and 201 with secondary SS) and 246 controls (of whom 113 had a connective tissue disease without SS). Among the ocular symptoms, the feeling ofdry eye and 'sand in the eye' were the ones most commonly recorded in patients with SS. Similarly, the feeling of dry mouth, appearing either spontaneously or when the patient was eating or breathing, was the most frequent subjective oral symptom. Among the ocular tests, ScT showed the best balance between sensitivity and specificity (76.9%
and 72-4% respectively), while RBS was the most specific test (81-/7%). ScT and RBS gave also sufficiently concordant results. TFLL and BUT gave considerably less reliable results, which were not concordant with each other or with the other ocular tests. The quantitative lacrimal tests ScT and TFLL produced significantly different results in elderly controls, while RBS did not. Abnormal results for all ofthe ocular tests were less marked and less frequent in patients with secondary SS than in those with primary SS. The oral tests (except SWSC) were generally more reliable than the ocular tests in diagnosing SS. In particular, PS was the most specific diagnostic tools (100%)), while MSGB (where the presence of at least one inflammatory focus was considered as indicative for the diagnosis) showed a good balance between sensitivity and specificity (82.4% and 86.2%, respectively).
The tests showed a good degree of agreement and, with the exception of was therefore carried out to assess the sensitivity and specificity of various tests as diagnostic tools for SS, and to formulate a universally acceptable diagnostic criteria to be used in future studies. In this paper we present a detailed report of the results obtained in this European study, and in particular on the sensitivity and specificity of each of the ocular and salivary tests included in the study protocol. A set of preliminary classification criteria inferior lid, without using previous anaesthetic eyedrops. The patient was to sit with the eyes closed, but not squeezed tight. After five minutes the length of the wetted area of the strip was measured, starting from the notch corresponding to the inferior lid margin.'4 RBS was to be performed by placing 25 ,ul rose Bengal solution in the inferior fornix of each eye and asking the patient to make 1-2 full blinks. Afterwards the number of red spots was counted and scored: 1+ (sparsely scattered), 2+ (densely scattered), or 3+ (confluent) in three different areas, that is, the lateral and nasal conjunctiva, and the cornea. The sum of the scores from the three regions of one eye formed the RBS of that eye. '5 BUT was to be carried out by placing 25 LI of a 1% fluorescin solution in the inferior fornix of each eye and asking the patient to make 1-2 full blinks. Using a slit lamp, the interval between the last blink and the formation of growing black holes in the fluorescinated tear fluid was measured by a stop watch. '6 TFLL was to be measured using a lactoplate kit (JDC, Culemborg, The Netherlands).
Briefly, a paper disc was placed in the lateral I part of the inferior fornix of each eye and removed when completely damp (usually after less than five minutes). Each disc was then I transferred to its corresponding reagent gel in the lactoplate kit and left for three days at room temperature. The diameter of the precipitate ring was then measured and the lactoferrin concentration calculated using the table provided in the kit. '7 The specific sequence for the performance of the four tests for eye involvement was indicated: (1) BUT; (2) destruction of the gland architecture, simulating an invasive neoplastic process. For the patient selection each participating centre was asked to enroll 40 consecutive patients subdivided as follows: 10 patients with primary SS, 10 with secondary SS, that is, patients with SS and an associated connective tissue disease (CTD), 10 with CTD but without SS, and 10 control patients. As it was agreed that no single diagnostic tool is able to establish a preliminary diagnosis of SS, the initial classification of every patient as SS or non-SS, and his inclusion in the corresponding disease group, was made solely on the basis of the clinical judgement of the observer and independently of any single diagnostic parameter. This procedure was similar to the one used by the American College of Rheumatology for the revision of classification criteria for rheumatoid arthritis. 9 The diagnosis of each CTD was to be made on the basis of well defined and commonly accepted classification criteria.9 1 24 25 In the selection of the control patients it was recommended to choose subjects who had also been seen by an expert on SS and for whom a complete work up could be justified since they were complaining of ophthalmological or oral manifestations which could simulate the clinical features of SS.
DATA ANALYSIS
Data from the participating centres was collected and entered into a database developed from standard software (Fox Base +/Mac, Fox Software), running on a Macintosh II computer (Apple Inc). The accuracy of each test in classifying the SS and non-SS patients was analysed using 2 X 2 tables. To reduce the possibility of selection bias, only data from centres which provided an adequate number of both SS patients and non-SS controls and which performed most of the diagnostic tests included in the study protocol in both groups were taken into account to determine the sensitivity and specificity of each tests.
The degree of agreement between the results obtained from the different diagnostic tests in the patients and controls was quantified using Cohen's kappa26 and Gower's similarity coefficient.27 Values of kappa greater than 0 75 were taken to be indicative of strong agreement; between 0 40 and 0 74 fair to good agreement, and below 0 40 poor agreement. The similarity coefficient was obtained by dividing the number of concordant results by the total number of (concordant plus discordant) observations.
Results
Twenty two centres from 11 countries provided data on a total of 447 SS patients and 246 controls. Demographic data and a summary of the tests performed for each disease group are reported in table 3. In computing the sensitivity and specificity of the questionnaire items and the ocular and oral tests, we excluded the cases from eight centres as they did not enroll an adequate number of disease fig 8b. The non-stimulated test was better at discriminating patients from controls. In terms of accuracy, UWSC had a sensitivity and a specificity of 56&1% and 8077%, respectively, with >1*5 ml of saliva collected in 15 minutes being considered the normal limit. In comparison, SWSC showed a similar sensitivity (66&4%), but a significantly lower specificity (56-4%) (the cut off value being >3-5 ml of saliva collected in 5 minutes). Figure 9 shows the number of foci per 4 mm2 of glandular tissue observed in the MSGB of patients with SS and in the controls. When the presence of at least 1 focus/4 mm2 (focus score -1) was considered as sufficient to classify an SS patient, the sensitivity and specificity of MSGB as a diagnostic tool for this disorder were 82.4% and 86.2%, respectively. If, on the contrary, only the presence of more than 1 focus/4 mm2 (focus score >1) was taken to be indicative of a diagnosis of SS, as suggested by other authors,19 28 29 we obtained a higher specificity (95 4%), but a significant decrease in sensitivity (63.2%).
When the results obtained for the four disease groups were separately analysed it was noted that 28.6% of the CTD patients classified as not having SS had a focus score -1, while 24-0% ofthe CTD patients included in the secondary SS groups did not show any inflammatory focus in MSGB.
The results of the SGS, following the scoring system suggested by Shall et al,2' are reported in table 6. The overall sensitivity and specificity of this diagnostic procedure was 87-2% and 79O0%, respectively. The different sialographic patterns observed in the four disease groups are reported, using the classification suggested by Rubin and Holt,22 in table 7. The overall prevalence of i, :j4zzfJa: < | . j . r . (see table 2 ). mean values of UWSC obtained in the two disease groups were compared, patients with secondary SS seemed to produce a larger amount of saliva than those with primary SS (t = 2.15, p < 0 05). This figure was even more evident when the MSGB focus scores observed in the two disease groups were compared. The number of foci found in patients with primary SS was significantly higher than that observed in patients with SS associated with other CTD (t=4 54, p<0-0001). Similar results were obtained when the SGS scores of primary SS and secondary SS patients were compared (t= 2 7, p < 0 01). As far as the sialographic pattern in the two disease groups is concerned, the mean score did not significantly differ in the patients with primary or secondary SS, but patients with sicca syndrome alone certainly showed more elevated number of sialograms with more severe aspects, such as globular, cavitary and destructive patterns. In only one oral test, the SWSC, was no significant difference seen in the results for the primary and secondary SS patients.
When the results obtained for the oral tests in patients with different CTD were analysed, only marginal differences were noted. For instance, patients with SLE and SS seemed to have a similar MSGB focus score to that observed in patients with SS alone, while the quantity of inflammatory infiltrates was considerably reduced in the patients with secondary SS associated with RA or with SSc. Furthermore, the results of the oral tests involving the major salivary glands, that is, PS and SGS, were considerably less abnormal in the patients with SS associated with RA.
Discussion
In this multi-centre European study on diagnostic criteria for SS, the accuracy of the most commonly used tests of oral and ocular involvement were investigated. In addition, standardised questionnaires for sicca complaints were used to select the most frequent and specific subjective symptoms of ocular and oral involvement in this disease. The study was carried out by 22 Finally, the results of all the tests of eye and oral involvement were less frequently and less extensively abnormal in the patients with secondary syndrome than in those with primary SS. This phenomenon cannot be ascribed to any particular patterns of exocrine gland involvement observable in patients with a specific associated CTD. The major salivary glands seemed to be less extensively involved in the patients with SS associated with RA, while oral involvement in the patients with SLE and associated secondary SS appeared to be the most similar to that observed in patients with the primary syndrome.
Xerostomia and xerophthalmia are the classic symptoms of SS, arising from a progressive reduction in lacrimal and salivary secretion due to inflammatory infiltration and consequent pathological changes in the corresponding glands.' An assessment of ocular and oral involvement in SS is considered essential to the diagnosis of this disorder and is usually performed by measuring different parameters, such as the quantity and quality of secretions and morphological changes in the glands.
The secretions can be measured quantitatively by Schirmer's test for the eye'4 and by collecting saliva from the mouth.'8 These tests, although relatively simple and non-invasive, seem not to be particularly specific and not especially sensitive. 30 31 It is also well knownand it has been clearly confirmed in the present study-that tear secretion, as well as saliva production, may be physiologically reduced in the elderly population32 33. It would therefore be reasonable to establish lower cut-off values for the tests addressed to quantify saliva and tear production when administered in an elderly population.
More recently, measurement of the tear lactoferrin level'7 has been proposed as a sensitive method to quantify lacrimal production, similar to that which has previously been suggested for 49 Moreover, it has been shown that a certain number of patients with SS may have a negative biopsy: this is particulary true when a focus score >1 is assumed to be positive. In previous reports28 5052 a considerable number of patients with SS did not fulfil this criterion. These observations were confirmed in the present study, where about one third of the SS patients did not show a lymphocytic focus score >1, and more than 25% of those patients with a CTD but not SS had a focus score -1. That the tests exploring the major salivary gland tests were more specific than the histological investigation of the minor glands is not completely surprising and has already been observed in other studies.53-5 However MSGB, particularly when the presence of at least one inflammatory focus/4 mm2 is accepted as indicative of the diagnosis of SS, remains a very useful test. In addition, recent work suggests that some immunohistological findings may improve the diagnostic accuracy of this procedure. The present study indicates that the results of the salivary gland (MSGB and PS) and ocular (RBS) tests are not influenced by the age of the patient, thus confirming their higher specificity in the diagnosis of SS.19 36 54 These results do not agree with previous reports, where the presence of non-specific inflammatory changes in MSGB has been found to increase with age.59 This point remains to be clarified, however, since contradictory results have been obtained in necropsy studies aimed at detecting non-specific sialoadenitis in normal subjects by lip biopsy.49 60 61 There is a large body of evidence indicating that most histological abnormalities (other than inflammatory foci) are not related to SS, but are rather dependent on ageing. 61 The results of the present study confirm this statement, showing that both acinar fibrosis and ductal abnormalities are linked to progressive, age-related involution of the minor salivary glands, and that they are observed in equal numbers of patients with and without SS.
The milder expression of the disorder seen in patients with associated disease in the present study, had already been observed by others. 62 65 Some of the differences noted in the present as well as in previous studies between patients with primary and secondary SS can probably be ascribed to the diagnostic criteria employed to classify the patients in one of the two variants of the syndrome. In patients with CTD, it is likely that the presence of either oral or ocular involvement can be considered as indicative of associated SS, whereas both lacrimal and salivary gland involvement is commonly required to establish a diagnosis of primary SS.62 This hypothesis only partially explains, however, the differing expression of the disease in patients with sicca syndrome alone and in those with secondary SS. It is well known that some of the clinical aspects of primary SS, such as recurrent parotitis, have a different prevalence in patients with SS associated with RA and other CTD.63 64 This finding, which is confirmed in the present study, may explain the milder involvement of major salivary glands observed by us, and previously reported by others,66 in the group of patients with secondary SS. On the contrary, among the patients with SS and an associated CTD, those with SLE seemed to be closest to the patients with SS alone, in their expression of sicca syndrome. This observation is not surprising when one considers the genetic, clinical and serological similarities between SLE and SS,67 68 and the genetic and clinical differences between SS and other associated diseases.'3 o9 70 The results of our study indicate that no single test of oral or ocular involvement is sufficiently sensitive and specific to form the basis for a diagnosis of SS. In addition, some of the tests used for the diagnosis of keratoconjunctivitis sicca and xerostomia do not seem to be sufficiently accurate for these purposes. Only the simultaneous positivity of various tests which the present study indicates as being appropriate diagnostic tools, together with the presence of subjective symptoms and serological abnormalities, allow sufficient accuracy in the diagnosis of this disorder. The preliminary classification criteria recently proposed for this disorder'2 are based directly on these findings.
